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INTRODUCTIO N
The literature concern ing the use of fish meal in broiler rations, both as
a protein supplement and as a sourc e of un identified growth fac tors, is
extensive. Sullivan et al. ( 1960 ) rep ort ed the ac tivity of unidentified
growth factors in a wide variety of fishery b y-products, including tun a meal.
Ross (1961 ) compar ed the growth rate of broiler chicks receiving grade d
levels of three types of tuna meal. Sati sfactory growth was obtain ed with all
three products wh en included in the ration up to the lO-percent level.
The pro cedure for the production of Hawaiian tuna meal has recently
undergone changes du e to the diversion of some of the by-product materi al
into pet food. A major effect of these changes ha s been to lower the crude
protein content of the tuna meal from 60 to approximate ly 55 percent.
In view of these changes, it seemed desirable to reevalu ate the new tuna
meal along with meat and bone meal and Peruvian fish meal. Th ese th ree
constitute the major animal proteins commonly used in local poultry rations.
The expe riments reported here were designed to compar e different levels
of these products as single supplements as we ll as in various combinations
in b roiler rations.
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MATERIALS AND METHOD
Three 9-wee k experiments were carried out using commercial crossbred
broiler chicks. In each experiment th e day-old chicks were hous ed in elec-
trically heat ed , thermo staticall y controlled battery brooders . At 3 weeks of
age the chicks were vaccinated for fowl pox and transferred to unheated
grower ba tteries. T he chicks were again transferred at 6 weeks of age to
wire-floor developer pens, wh ere they remain ed until the expe riments
ended at 9 wee ks of age.
Tri p licate groups containing five male and five female chicks each were
randomly assigned to each tr eatment in experiments I and 2. In the third
experiment the nu mber of chicks was increased and the sexes segregated
in order to pro vide more precise information on feed efficiency. In this
expe riment triplicate groups containing IO male chicks and triplicate groups
containing 10 female chicks were assign ed to ea ch treatment.
T he tuna meal used in th ese studies was th e commercial product which
contained .54 to .5.5 percent of protein. Th e flow chart shown in figure I
dep icts the manufactur ing pro cess by which Hawaiian tuna meal is pro-
duced. T he major cha nge in the previous procedure ( Boss, 1961 ) is the
shift of some of the da rk meat from by-product s manufacture to pet food
and an increase in th e amount of fish solubles going into the tuna meal. The
product tested con ta ined an avera ge of about 1.5 percent of fish solubles
on a dr y weight basis.
Th e mea t and bone meal tested was from a mainland source and was
guaranteed to contain a minimum of .50 percent crude protein . The Peru-
vian fish meal was guaran teed to contain a minimum of 6.5 percent protein.
These protein values wer e used as the basis for calculating isonitrogenous
rations.
In all cases , the protein supplements under test were added as a per-
centage of the total ration, rather than as a specific quantity of protein. All
ra tions were calculated to contain 21 percent protein, the necessary adjust-
ment in protein level being made with the milo and soybean meal com-
ponents. Vitamins and micro-min erals known to be deficient or marginal
were adjusted to meet or excee d National Research Council requirements
through the use of a micro-ingredient mix. To minimize variations between
rations, all the con stant ingredients (about 80 to 90 percent of the rations)
were pr emixed and aliquots taken for further mixing with the protein
supplements. Thus all diets were essentially isocaloric,
Group body weights were tak en at the start of th e expe riment and
individual body weights at 9 weeks. Feed consumption, mortality and
incidence of perosis were recorded. All data were subj ected to the analysis
of variance (Snedecor, 19.56). Duncan's (19.5.5) multiple range test was
used to further locate treatment effects.
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FIGURE 1. Flow chart of fish by-products manufacture.
6 HAWAII AGRICU LTU RAL EXPE RIMEN T STATIO N
RESULTS AND DISCUSSION
Experiment 1
Th e rations used in th is expe riment are shown in table 1. In addition
to the all-v egetable-protein control ra tion, the experimental rations con-
tained 2..5, 5, or 10 percent of tuna meal, mainland meat meal, or Peruvian
fish meal. Ca lcium and phosphorus levels were adjusted, depending on
level of supplement in the rations, with defluorinat ed phosphate.
Male Body W eight. There were no statistically significant differences in
the 9-week body weights of the groups receiving 2.5 percent of the protein
supplements. However , the data in table 2 show that the group which
received 2.5 percent of Peruvian fish meal weighed approximate ly 0.3 pound
less than the groups fed the corresponding level of meat or tuna meal and
the control.
The mean body weight of th e group which received 5 percent of meat
meal was approximately 0.25 pound less than the mean weight of the other
treatment groups at that level. This differ ence, how ever , was not statistically
significan t.
When 10 percent of the supplements was fed , the mean body weight of
chicks receiving tuna meal was significantly less than the mean weight of
the group receiving 10 percent of Peruvian fish meal. Meat meal gave an
intermedi at e result. The 10 percent tun a group was also the only treatment
significantly poorer than the unsupplemented control group.
Th ese results are contrary to those obtained in an earlier study ( Boss,
1961 ) when significant growth depression did not occur until the level of
tuna products in the ration was 15 or 20 perc ent.
Female Body W eight. Th ere was no significant difference in female body
weight between supplements or between the levels fed . In genera l, there
was littl e difference in femal e body weight between the treatments. How-
ever, the grow th of the females receiving 2.5 percent of Peruvian fish meal
followed the same general trend as that of the males, averag ing about 0.25
pound less than the oth er groups. Fe male chicks receiving 10 percent of
tun a meal did not show the growth depression that was apparent in the
males.
Feed Efficien cy . There were no significant differences in feed efficiency
among the treatment groups within each level of supplementation. When
2.5 percent of the supplement was fed , the efficiency of the Peruvian fish
meal group was lower than that of those receiving the other supplements.
In general, each supplement tended to improve feed efficiency with increas-
ing concentration, the increase bein g most marked with Peruvian fish meal.
Mortality . Th ere were no significant differences in mortality between
suppleme nts or between levels of supplements, and no trends were apparent.
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COMPARISON OF TUNA ME AL AND PHOT EI N SUPPLEMENTS
Th e distribution of mortality shown in tab le 2 indicates a random effect
not rel at ed to treatments.
In ciden ce of Perosis. The observed differences in perosis were not statis-
ticall y significant, although there appeared to be a greater incidence of
perotic birds in th e 5- and lO-percent tuna gro ups .
Produ cti on Efficien cy . Produc tion efficiency (PE) is measure of over-
all performance, since it eq uates body weight an d feed efficiency. The
grea ter th e body we ight and th e more efficient the feed conversion the
higher the PE index. The PE index of the gro ups that received 2..5 and
5 percent of tuna meal wa s equa l to or h igher than th at of the gro ups that
received meat or Peruvian fish meal. At the lO-pereent level of supplemen-
tation, however , th e PE index of th e group receiving the tun a mea l was
lower than that of th e groups receiving the other supp lements, and also
lower than that of the groups receiving the lower levels of tu na meal.
Experiment 2
The plan for expe rimen t 2 wa s developed in view of the fact th at it is
common practice among feed manufacturers to use com bina tions of two or
more sources of animal protein. Various combina tions of tuna meal, Peru-
vian fish, and meat meal were used in the expe rimen tal broiler ra tions. These
rations are shown in table 3.
Rations 11 to 16 contained 2.5 pe rcen t of Peruvian fish meal in com-
bination with 2.5 or 5 percent of tuna or meat meal. These rations were
also compared with rations 17 and 18, which contained 2.5 and .5 percent,
respectively, of tuna meal as th e sale animal protein supplement.
Mal e Body Weight. Th ere was a gene ral tr end toward inc reased bo dy
weights with increased levels of animal protein supplements although none
of the observed differences were stati stically significant ( tab le 4) . The mean
body weights of th e groups that received 2.5 percent of tuna or meat mea l
and 2.5 percent of Peruvian fish meal in their ra tion we re great er th an for
those that received only 2.5 percent of Peruvian fish meal. Wh en 5 percent
of tuna or meat meal was included in the ra tion a fur ther increase in body
weight was noted.
The body weights of th e groups that received 2.5 or 5 percen t of tu na
meal without additional supplemen tation with Peruvian fish meal were
greater than those of the other tr eatments This indi cat es th at, as far as
effect on mal e body weight is concerned , tuna meal is as effective as com-
binations of meat meal and Peruvian fish meal.
The performance of th e group receiving onl y 2.5 percent of Peruvian fish
meal in the ration was comparable to that of th e same treatmen t in experi-
ment 1. It is difficult to explain why th e groups that received 2.5 pe rce nt
of Peruvian fish meal failed to equal th e performance of th e gro ups that
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received 2.5 percent of tuna or meat meal, or .at least equaled that of the
control group in experiment 1, which did not receive any animal protein
supplements.
Female Body Weight. The mean body weights of the females did not
appear to follow any particular trend and non e of the differences were
significant. However, the group receivin g 2.5 percent of Peruvian fish meal
follow ed the same pattern as in expe riment 1 and again had the lowest
body weights of any of the treatment groups.
Feed Efficiency. The efficiency of feed utilization of the control group,
which received 2.5 percent of Peruvian fish meal, was again the lowest of
any of the treatment groups. Fe ed efficiency improved with the addition of
2.5 percent of meat or tuna meal to the ration and showed a further
improvement when, the level of the supplements was increased to 5 perc ent.
The most efficient utilization of feed was obtained when 2.5 percent of each
of the three protein supplements was included in the ration. The groups
that received 2.5 and 5 percent of tuna meal as single supplements were
slightly less efficient than the groups that received the sam e supplements
in combination with 2.5 percent of Peruvian fish meal.
Mortality and Perosis. The mortality rate was slightly lower and th e
incidence of perosis somewhat higher in experiment 2 than in expe riment 1.
No consistent trends in either mortality or perosis were apparent. Although
the incidence of perosis in the groups receiving 2.5 and 5 percent of tuna
meal plus Peruvian fish meal was fairly high, it was low in th e groups receiv-
ing only 2.5 or 5 percent of tuna meal.
Production Efficiency. The production efficiency (PE) index (table 4)
effectively summarizes this experiment. There was little or no difference
between the performance of the groups receiving either 2.5 or 5 percent of
tuna or meat meal in combination with Peruvian fish meal, although the
index was greater at the 5- than at the 2.5-percent level of supplementation.
The PE indices for the groups fed 2.5 or 5 percent of tuna meal as the sole
protein supplement were not greatly differ ent from each other or from thos e
receiving the combination of Peruvian fish meal with 2.5 percent of tuna or
meat meal. The treatment with the highest PE value was the one in whi ch
2.5 percent each of Peruvian fish, tuna meal , and meat meal was fed . The
factor contributing most to this high PE value was the superior feed effi-
ciency of this group.
Experiment 3
In experiment 1 various levels of tuna meal were compared with com-
parable levels of Peruvian fish meal and meat meal. In experiment 2 tuna
meal was compared with meat meal at two levels of supplementation in
rations containing 2.5 percent of Peruvian fish meal. In experiment 3 all
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comlnnntions of the three protein supplem ents were compared at the 2.5-
and 5-pe rcent levels. Table 5 shows th e composition of the expe rime ntal
diets and the expe rimental plan. All rations contained a total of 7.5 percent
of crude animal pro tein in combination s of two or three of th e supplem ents.
Males and females were segregat ed in triplicate pens of 10 each per
treatm ent.
Males . There were no statisticall y significant differ en ces in male body
weight, feed efficienc y, mortality, or incidence of perosis (table 6). How-
ever, when the dat a were rearranged as shown in table 8 certain consistent
trends becam e apparent. The average body weights of the tr eatment groups
fed 5 percent of tuna meal were greater than th ose of th e groups fed 5 per-
cent of th e other protein supplem ent s. In addi tion, when the rations of
th e groups fed 5 percent of either Peruvian fish or meat meal also con-
tained 2.5 percent of tuna meal , th e body weights were greater than those
of the groups fed 2.5 percent of either of th e other supplements. The sam e
general trend was true for feed efficiency.
There was no consistent tr end with respect to mortality or incid ence of
perosis.
Females. The growth and other pertinent data for th e female groups
ar e summarized in table 7. The same general trend ob served with th e males·
may also be seen with th e fem ales in table 8. While the re was some varia-
tion in feed conver sion , th e only deviation from th e trend was in the tr eat-
ment group receiving 5 percent of meat meal and 2.5 pe rcent of tuna meal.
In these cases, more feed was required per unit of gain.
The inc ide nce of pero sis was generally less in the females than in th e
mal es although the differences were not significant and th ere did not
appear to be any trend.
For some unaccountable reason th e mortality in th e female group re-
ceivin g 5 percent of Peruvian fish meal and 2.5 perc ent of tuna meal was
significantly higher than in th e other groups. It is difficult to understand the
reason for this inasmuch as th e groups receiving other combinations of these
supplements had very low mortality rates.
In both sexes, th e groups fed tuna meal in combination with Peruvian
fish meal were slightly heavier th an the groups fed th e other combinations.
The body weight of the groups th at received th e meat meal and Peruvian
fish meal combinations was gen erally low est , with th e tuna meal and meat
meal group being somewhat intermediate in value (table 8) .
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COMPARISOI\' OF T U;\A ME AL AND PHOTEI N SUPPLEME NTS
TABLE 8. Summary' of body weight and feed conversion data grouped according
to major supplement
17
5% TU NA ME AL 5% PER UVIAN FISH MEAL 5% MEAT ~IEAL
2.5 P. Fish 2.5 Meat 2.5 Tuna 2.5 Meat 2.5 Tuna 2.5 1'.Fish
Ma le Body Wt., Lb .
4.65 4.52 4.56 4.53 4.52 4.48
Mean 4.5U 1..55 :L5Q
Male Feed /Gain
2.20 2.16 2.16 2.20 2.18 2.23
Mean 2.18 2.18 2.21
Female Body Wt. , Lb .
3.58 3.59 3.66 3.48 3.49 3.44
Mean 3.59 3.57 3.47
Female Feed/Gain
2.13 2.Il 1.98 2.12 2.22 2.12
Mean 2.12 2.05 2.17
'Data from tabl es 6 and 7.
SUMMARY
Three 9-week broiler expe riments were conducted in which tuna
meal , meat and bone meal, and Peruvian fish meal were compared as single
supplements, as well as in various combinations. Commercial crossbred
broiler chicks hous ed in wir e-floor batteri es were used in all experiments.
Growth, feed efficiency, mortality, and incid ence of perosis were used as
crite ria in evaluating the different supplements or combinations of supple-
ments.
In most cases, the observed differences were not stati stically significant.
However, there were some general trends. When used as the sole source of
animal protein in the ra tion 2.5 percent of tuna meal was equal to 2.5 per-
cent of meat and bone meal and supe rior to 2.5 percent of Peru vian fish
meal. At the 5-percent level, tun a meal was equal to Peruvian fish meal and
superior to meat and bone meal. Ten percent of tuna meal was inferior
to comparable levels of the other supplements.
In combination with 2.5 percent of Peruvian fish meal , 2.5 and 5 percent
of tuna meal and meat and bone meal were approximately equal in nutri-
tion al value, with somewhat better results at the higher level of supple-
mentation. Th e growth rat e of the chicks receiving 2.5 or 5 percent of tuna
meal alone was as good as tho se receiving 5 percent of either tuna or meat
meal in combination with 2.5 percent of Peruvian fish meal although feed
efficiency was not as good. The combination of 2.5 percent of all of the
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supplements resulted in the best efficiency in one but not the other experi-
ment.
No significant differences in body weight, feed efficiency, mortality, or
perosis were observed wh en all combinations of the three supplements were
compared using 2.5 percent of one supplement and 5 pe rce nt of another. In
genera l, however, there was a tendency tow ard improved perfo rmance when
the combinations included 2.5 or 5 pe rcent tuna meal.
From the results of these three experiments, it is conclude d that 55 per-
cent protein tuna meal is nutritionally equivalent to Peruvian fish meal and
50 percent protein meat meal when fed up to 5 percent in broiler rations.
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